Summary We tested the hypothesis that glucose intolerance develops in genetically prone subjects when exogenous insulin resistance is induced by dexamethasone (dex) and investigated whether the steroid-induced glucose intolerance is due to impairment of beta-cell function alone and/or insulin resistance. Oral glucose tolerance (OGTT) and intravenous glucose tolerance tests with minimal model analysis were performed before and following 5 days of dex treatment (4 mg/day) in 20 relatives of non-insulin-dependent diabetic (NIDDM) patients and in 20 matched control subjects (age: 29.6 ± 1.7 vs 29.6 ± 1.6 years, BMI: 25.1 ± 1.0 vs 25.1 ± 0.9 kg/m 2 ). Before dex, glucose tolerance was similar in both groups (2-h plasma glucose concentration (PG): 5.5 ± 0.2 [range: 3.2±7.0] vs 5.5 ± 0.2 [3.7±7.4] mmol/ l). Although insulin sensitivity (Si) was significantly lower in the relatives before dex, insulin sensitivity was reduced to a similar level during dex in both the relatives and control subjects (0.30 ± 0.04 vs 0.34 ± 0.04 10 ±4 min ±1 per pmol/l, NS). During dex, the variation in the OGTT 2-h PG was greater in the relatives (8.5 ± 0.7 [3.9±17.0] vs 7.5 ± 0.3 [5.7±9.8] mmol/l, Ftest p < 0.05) which, by inspection of the data, was caused by seven relatives with a higher PG than the maximal value seen in the control subjects (9.8 mmol/l). These ªhyperglycaemicº relatives had diminished first phase insulin secretion (é1) both before and during dex compared with the ªnormalº relatives and the control subjects (pre-dex é1: 12.6 ± 3.6 vs 26.4 ± 4.2 and 24.6 ± 3.6 (p < 0.05), post-dex é1: 22.2 ± 6.6 vs 48.0 ± 7.2 and 46.2 ± 6.6 respectively (p < 0.05) pmol ⋅ l ±1 ⋅ min ±1 per mg/dl). However, Si was similar in ªhyperglycaemicº and ªnormalº relatives before dex (0.65 ± 0.10 vs 0.54 ± 0.10 10 ⋅ min ±1 per pmol/l). Multiple regression analysis confirmed the unique importance of low pre-dex beta-cell function to subsequent development of high 2-h post-dex OGTT plasma glucose levels (R 2 = 0.56). In conclusion, exogenous induced insulin resistance by dex will induce impaired or diabetic glucose tolerance in those genetic relatives of NIDDM patients who have impaired beta-cell function (retrospectively) prior to dex exposure. These subjects are therefore unable to enhance their beta-cell response in order to match the dexinduced insulin resistant state. [Diabetologia (1997) 
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Non-insulin-dependent diabetes mellitus (NIDDM) is associated with insulin resistance and impaired insulin secretion [1, 2] . First-degree relatives of patients with NIDDM have a 40 % increased risk of developing diabetes [3] . Debate still surrounds the aetiology of the glucose intolerance: whether insulin resistance [4±7] or a beta-cell defect [7±10] is primary in the emergence of the disease [1, 2, 11, 12] . Recent studies from our laboratory have shown both the presence of insulin resistance in normal glucose tolerant first-degree relatives of NIDDM subjects [6, 7] as well as a subtle defect of insulin secretion [7] in such subjects. However, we demonstrated that glucose tolerance was maintained at normal levels in these subjects through a novel compensatory mechanism of enhanced glucose-mediated glucose disposal or glucose effectiveness [7] . In identical twins discordant for NIDDM, we have also shown that the healthy twins were characterised by a decreased insulin secretion [9] . Together these data support the conclusion of Martin and co-workers [5] that those first-degree relatives with the highest insulin sensitivity and/or glucose effectiveness were the least likely to develop diabetes during their 25-year longitudinal follow-up study [5] . However, despite this latter study, the practical problem remains as to how to identify those normal glucose tolerant individuals who will develop glucose intolerance or frank diabetes, either during times of acute stress and/or in the long term.
Glucocorticoids are known to oppose insulin action at the level of the liver by promoting gluconeogenesis [13] and at the periphery, especially in muscle, by inhibiting glucose uptake [14] and reducing glycogen synthesis and glucose storage [15] . In addition the glucocorticoids are believed to attenuate insulin secretion, particularly the extent of the anticipated hyperinsulinaemic response to the insulin resistant state [16, 17] . Together these mechanisms are postulated to cause the development of glucose intolerance and diabetes observed in patients exposed to glucocorticoid therapy [13] . However, it is not known which mechanism(s) is primarily responsible for the emergence of diabetes and whether there are any clinical and/or biochemical markers present in an individual prior to exposure to the glucocorticoid which would signal their risk of future glucose intolerance.
Normal glucose tolerant first-degree relatives of NIDDM patients are likely to be at risk of developing glucose intolerance and diabetes following exposure to glucocorticoids, which was already suggested in a series of studies with the oral glucose tolerance test (OGTT) in the mid-1950 s by Fajans et al. [18] Conn [19] and Rull et al. [20] . We have studied a group of such individuals prior to and following 5 days of treatment with dexamethasone (dex) as compared to a carefully age-, sex-and weight-matched control group of subjects with no family history of diabetes. The frequently sampled intravenous glucose tolerance test with the minimal model approach to analysis of the glucose and insulin profiles [21, 22] was employed in order to simultaneously measure the interplay between insulin secretion, insulin sensitivity and the mass action effect of glucose per se (glucose effectiveness) on glucose tolerance.
Our aim was twofold: first, to determine whether the effect of dex on glucose tolerance differs between relatives of NIDDM patients and subjects with no family history of diabetes; and second, to delineate which clinical and/or biochemical feature(s) present in subjects prior to dex treatment would allow the prediction of post-dex glucose intolerance and/or diabetes.
Subjects and methods
Subjects. First-degree relatives (children) of NIDDM patients were traced through patients with verified NIDDM from the Department of Endocrinology, Odense University Hospital. Twenty subjects with at least two first-degree relatives with NIDDM or one first degree relative and at least one seconddegree relative with NIDDM were included in the study. All of the relatives had normal oral glucose tolerance and had not been prescribed any medication known to influence glucose homeostasis prior to the treatment with dex. The relatives were matched according to age, sex, and BMI to a group of normoglycaemic control subjects without any family history of NIDDM and their clinical characteristics are given in Table 1. Pre-dex data (see below) for the same study population have previously been published [7] .
Protocol. The subjects were studied on two occasions not more than 3 weeks apart. First, subjects were examined without medication (pre-dex) and second, subjects were examined during treatment with dex (post-dex). On both occasions an oral glucose tolerance test (OGTT) and an intravenous glucose tolerance test (IVGTT) were performed in the fasting state. For the post-dex studies, 2 mg of dex was given twice daily for 5 days. On days 4 and 5, dex (2 mg) was given at 07.00 hours and the OGTT or IVGTT performed at 09.00 hours. In order to standardise the physical activity level between studies, the subjects were admitted to the hospital in the evening on day 4 and served a light meal at 20.00 hours (the same procedure was used the day before the IVGTT for the pre-dex study), and dex was given at 23.00 hours.
The OGTT was performed by ingestion of 75 g glucose in a liquid solution. Blood samples were obtained in the fasting state (three samples) and for a total of 3 h following the glucose load (15 samples). For the IVGTT a 25 % solution of glucose was given i. v. over 60 s (300 mg/body weight, maximally 25 g) and multiple blood samples obtained in the fasting state (4 samples) and for a total of 3 h following the i. v. glucose load (26 samples) [7] . Blood samples were analysed for plasma glucose and insulin concentrations, but for plasma C-peptide concentrations in the fasting samples only.
Total fat mass (FM) and fat free mass (FFM) were estimated by the bioimpedance method [23] and the latter calculated as the difference between body weight and FM. Body mass index (BMI) (body weight (kg)/height 2 (m)) was also calculated. Waist circumference was measured at the level of the umbilicus and the hip circumference at the level of the greater trochanter. The protocol was approved by the local ethics committee and informed written consent was obtained from all participants before testing.
Assays. Plasma glucose concentration was measured at the bedside by the glucose oxidase method with a Glucose Analyzer (Beckman Instruments, Inc., Fullerton, Calif., USA). Blood samples for plasma insulin were immediately centrifuged at 4°C at the time of study and stored at ±20°C until analysis and concentrations measured by a double antibody radioimmunoassay in duplicate (Kabi Pharmacia Diagnostics AB, Uppsala, Sweden). Within-assay coefficient of variation was 5.6 %; inter-assay variation was 6.2 %; and cross-reactivity with proinsulin was 40 %. Plasma C-peptide was measured by a two-site, time-resolved immunofluorometric assay (DEL-FIA, Wallac Oy, Turku, Finland) [24] . Triglyceride was measured by an enzymatic colorimetric method as was cholesterol (Wako Chemicals GmbH, Neuss, Germany). HbA 1 c was estimated by HPLC (normal range 5.4 to 7.4 %).
Calculations. For the measurements of insulin and glucose sensitivities and insulin secretion, the analysis of the IVGTT data was based on Bergman's minimal model of glucose disappearance [21] and insulin kinetics [22] . Glucose and insulin profiles were analysed as formerly described using the program, Simulation Analysis and Modelling (SAAM) together with the conversational part of the program (CONSAM) [25, 26] . This approach allows for the simultaneous measurements of the model parameters (Si, insulin sensitivity; Sg, glucose effectiveness or sensitivity; é1 and é2, insulin secretory parameters) without the use of intravenous tolbutamide [25] . Although first (é1) and second phase insulin profiles (é2) were quantified by the modelling procedure [22] , the acute insulin response to intravenous glucose (AIR glucose ) was also calculated as the mean of the incremental plasma insulin concentration above basal from 0±10 min following the iv glucose bolus [27] . In addition, the acute 30-min insulin response to the OGTT was calculated as the incremental change in the OGTT plasma insulin concentrations from 0' to 30' (DI 30 ). The rate of intravenous glucose disappearance (Kg), a measure of overall glucose tolerance, was determined as the least-square slope of the ln of the glucose concentration between 12 and 30 minutes after the glucose bolus. In order to decrease the ratio of unknown variables in the minimal model equations to the number of observations (plasma glucose and insulin concentrations) the pre-and post-dex IVGTTs were modelled simultaneously as previously described [25, 28] . In brief we analysed the glucose and insulin profiles from the paired studies, fitting both models simultaneously to the glucose and insulin data. This approach optimizes the analysis so as to determine those parameter values common to both sets of data and those that are unique to the experimental perturbation, and thus reduce the errors of the estimated parameters [25, 28] . The rationale for this method of analysis is based on the minimal changes postulate of Boston and Weber [29] as originally advanced by Berman [30] .
Statistical analysis. The results are presented as mean ± SEM. Differences between the groups were compared by MannWhitney rank-sum test. Paired comparisons were performed using the Wilcoxon matched-pairs signed-ranks test. None of these analyses by non-parametric methods were altered if the data were subjected to logarithmic transformation to normalise the data and paired or unpaired t-test employed (data not shown). Correlation analyses were performed using Spearman rank sum correlation analysis. p-values of 0.05 or less were considered significant.
Results
Pre-dex anthropometric measurements including waist-hip ratio (WHR), basal lipid status and fasting insulin values were similar in both groups apart from fasting glucose and fasting C-peptide which were significantly higher in the relative group (Table 1) as previously reported [7] . After exposure to dex the only variables to change were significant rises in fasting plasma glucose and HDL cholesterol (p < 0.05), and insulin and C-peptide levels (p < 0.005) for both the relative and control groups (Table 1) .
Plasma glucose and insulin concentrations obtained during the OGTT before and during dex treatment are shown in Figure 1 . No differences in the predex OGTT plasma glucose concentrations existed between relatives and control subjects ( Fig. 1 ). During treatment with dex glucose tolerance deteriorated in both groups, but post-dex a separation of the control subjects from the relatives occurred ( Fig. 1 ).
When the individual 2-h plasma glucose concentrations before and during dex treatment were plotted, a clear difference between control subjects and relatives is evident (Fig. 2) . First, the distributions of the 2-h plasma glucose concentrations during dex are significantly different in the two groups, with a number of relatives having higher glucose levels and three subjects lower levels ( Fig. 2) (F-test, p < 0.05), although no difference existed between the groups with respect to the mean 2-h plasma glucose concentration during dex treatment. Second, post-dex, seven relatives had plasma glucose concentrations greater than the highest concentration observed for the control subjects (Fig. 2) , with four of these relatives having glucose levels in the World Health Organization (WHO) diagnostic range for diabetes. However, despite these differences in the post-dex plasma glucose OGTT profiles, post-dex mean plasma insulin concentrations in control and relative subjects were similar in both groups (Fig. 1) . Similar to the post-dex OGTT glucose and insulin profiles, post-dex a small increase was observed in the IVGTT plasma glucose concentrations but a large increase occurred in the plasma insulin concentrations compared to the pre-dex values for both relative and control groups. No differences were evident in insulin profiles between relatives and control subjects post-dex, and the intravenous glucose tolerance index Kg was similar in relative and control groups both pre-and post-dex (Table 2) . Nevertheless from the minimal model analysis of the FSIGT glucose effectiveness (Sg) was significantly increased in the relatives compared to the control subjects before treatment with dex [7] , and post-dex Sg remained significantly raised in the relative group (Table 2) , with no change in Sg in either group after exposure to dex (Table 2 ). In contrast, despite the higher Si in the control group pre-dex compared to the relative group (0.80 ± 0.10 vs 0.58 ± 0.07 10 ±4 min ±1 per pmol/l, p = 0.05) Si fell significantly in both groups post-dex and were in absolute terms similar to each other post-dex (Table 2 ). It was noted that subjects with the highest pre-dex Si seemed to have the most marked relative reduction in Si during dex, which was confirmed by a significant correlation between the pre-dex Si and the fall in Si (pre-dex Si minus post-dex Si)(R = 0.86, p < 0.00001, n = 40). First phase insulin release, whether expressed as acute insulin response to glucose (AIR glucose ), the model parameter é1, or the acute insulin response to the OGTT (DI 30 ), and the model derived second phase insulin responsiveness (é2), were markedly increased in both groups post-dex (Table 2) . However, the glucose assimilation index (Si × é1), which is a measure of total insulin mediated glucose disposal [7, 31] , was significantly lower in the relatives postdex, but the decrement in response to dex was similar for both groups ( Table 2) .
As noted above, the heterogeneity of responses to dex for glucose tolerance in the relative group revealed an apparent subgroup of seven relatives, who had 2-h OGTT plasma glucose concentrations above those found in the control group (Fig. 2) . This subgroup (hyper-rel) was therefore further examined with respect to the interplay between glucose effectiveness, Si and insulin secretion and was compared to the normoglycaemic relatives (norm-rel, n = 13) and control group (Con, n = 20) (Table 3) . No statistical differences in Kg and Sg between any of the subgroups were noted pre-and post-dex although Sg remained 20 % higher in both relative subgroups compared to the control group (Table 3) . However, first phase insulin release, expressed as either AIR glucose or the minimal model derived é1, or the OGTT DI 30, was significantly reduced by about 50 % in the hyper-rel subgroup compared to the norm-rel subgroup of the relatives and the control group, both pre-and post-dex ( Fig. 3 and Table 3 ). A similar 50 % reduction was also noted for the glucose assimilation index (Si × é1) for the hyper-rel subgroup preand post-dex (Table 3) . Furthermore, a dex-induced approximate twofold incremental rise in first phase insulin release (AIR glucose , é1 or DI 30 ) was clearly evident in the norm-rel and control groups (p < 0.001) but no significant increase was observed in the hyper-rel group (Table 3) . Finally, as mentioned above, three relatives of the norm-rel subgroup had a lower 2-h post-dex plasma glucose concentration than the Values are mean ± SEM. Kg, Intravenous glucose tolerance index; Sg, glucose effectiveness; Si, insulin sensitivity index; DI 30 , acute insulin response to oral glucose; AIR glucose , acute insulin response to IV glucose; é1, first phase insulin responsiveness; é2, second phase insulin responsiveness; Si × é1, glucose assimilation index. a p < 0.05, b p < 0.005, control subjects vs hyperglycaemic relatives, c p < 0.05, normoglycaemic relatives vs hyperglycaemic relatives lowest concentration observed in the control group. These relatives with respect to pre-and post-dex insulin secretion were characterised by very high first phase insulin secretion both pre-and post-dex (predex AIR glucose : 439 ± 59 pmol/l, post-dex AIR glucose : 743 ± 152 pmol/l, pre-dex OGTT DI 30 : 315 ± 3 pmol/l and post-dex OGTT DI 30 : 554 ± 103 pmol/l) as compared to the control group (Table 3) , whereas Si in the three relatives was reduced (0.33 ± 0.07 ⋅ 10 ±4 min ±1 per pmol/l) prior to treatment with dexamethasone, indicating an effective preservation of a normal acute phase insulin release compared to Si relationship in these three relatives [32] . To gain further insight into the interrelationship between Si and é1, we plotted the mean Si index against the mean values of é1 in the hyper-rel and norm-rel subgroups of the relatives and the control group (Fig. 4) . The dotted lines in Figure 4 indicate the upper and lower range of the 95 % confidence limit for the pre-dex control group which represent the limits of the appropriateness of the insulin response to the prevailing Si of the control subjects; as explained below, it does not indicate normality of glucose tolerance. Following exposure to dex Si was significantly decreased in the control subjects and this was almost completely compensated for by the increase in the first phase insulin responsiveness i. e. remained in the normal range (open circle, Fig. 4) . As reported previously [7] relatives before treatment with dex are characterised by a reduced Si and inappropriate é1 for their prevailing Si and lie just below the normal range (represented here by solid triangle (norm-rel) and solid square (hyper-rel) in Fig. 4) . Following dex exposure an important difference emerged in these two subgroups of relatives despite a similar degree of dex-induced insulin insensitivity (Fig. 4 , open square and open triangle, respectively). In the hyper-rel subgroup of the relatives a failure of the é1 to respond to dex (open square, Fig. 4) . In contrast the norm-rel subgroup had an appropriate é1 response comparable to control subjects, and é1 remained very close to the normal range (open triangle, Fig. 4) . Thus, first phase insulin release é1 and the glucose assimilation index (Si × é1) are central factors in the development of the raised 2-h OGTT glucose levels noted in the hyper-rel subgroup of the relatives post-dex. Interestingly, the key clinical characteristics present in the hyper-rel subgroup before exposure to dex were a higher fasting serum triglyceride concentration (1.53 ± 0.28 vs 0.88 mmol/l, p < 0.01) and a higher LDL/HDL cholesterol ratio (3.21 ± 0.42 vs 2.51 ± 0.55, p < 0.05) as compared to the norm-rel subgroup.
Finally, because of the arbitrary nature of the definition of the relative subgroups, we examined as a continuum the relationships between the post-dex 2-h OGTT plasma glucose level and the pre-dex fasting triglyceride (r = 0.50, p < 0.03), the pre-dex AIR glucose (r = ±0.45, p < 0.05) and the pre-dex OGTT DI 30 (r = ± 0.68, p < 0.001) in the relative group as a whole and these were all significant. This was not so for the control group. When these data were subjected to multiple regression analysis with the dependent variable being the post-dex 2-h OGTT plasma glucose concentration, and the independent variables being the pre-dex clinical characteristics of the subjects and the parameters from the IVGTT, the pre-dex fasting triglyceride concentration and AIR glucose were significant determinators of the post-dex 2-h OGTT plasma glucose concentration in the relative group (2-h glucose = 5.7 + 4.27 × triglyceride ± 0.0062 × AIR glucose , R 2 = 0.56). Moreover, on repeating the regression analysis with the pre-dex DI 30 from the OGTT rather than the AIR glucose, the predex 
Discussion
More than 40 years ago Fajans et al. [18] suggested that a single-dose cortisone-modified oral glucose tolerance test (cortisone-GTT) could be a tool by which relatives of NIDDM patients could be separated into relatives prone to develop diabetes and those who are not. Later they reported that prospectively (7-year follow-up) 35 % of their relatives initially investigated with cortisone induced glucose intolerance had developed diabetes whereas only 2 % of the relatives with an initially negative response to the cortisone-GTT did so [19] . Moreover, they showed that relatives with a positive cortisone-GTT had reduced and delayed insulin response during the cortisone-GTT compared to the relatives with a negative response [20] .
We have previously reported that non-diabetic relatives of NIDDM patients have reduced Si compared to control subjects, and that first phase insulin responsiveness is reduced relative to their Si despite normal oral and intravenous glucose tolerance [7] . We postulated that these insulin-resistant relatives of NIDDM patients maintain ªnormalº glucose tolerance because of their significantly increased glucose effectiveness (glucose mediated glucose disposal) compared to the control subjects. Thus, given the previous suggestion of Fajans et al. [18] that a short period of exposure to glucocorticoids could be helpful in discriminating between relatives prone to develop diabetes and those who are not, it was important to determine the mechanism(s) ± altered insulin secretion, Si or glucose effectiveness or a combination of these parameters ± responsible for deterioration in glucose tolerance following exposure to dex. Dex was chosen because it is known to induce insulin resistance via an inhibition of glucose uptake [13] and reduction in the glucose storage pathway [14] and to attenuate the expected beta-cell response to insulin resistance [16, 17] . Our hypothesis was that dex treatment could unmask relatives who had the genetic susceptibility either to worsen their insulin resistance and/or to decompensate Si leading to the development of glucose intolerance. Thus, we wished to mimic the stress of ªtimeº on the biological system in these subjects. That is, the reduced Si induced by the dex treatment and its potential to limit the beta-cell response to this stress [17] could parallel the changes observed over time with increasing age, obesity and sedentary lifestyle, including the phenomena of ªfatigueº of the beta cell.
In the present study we demonstrated that exposure to dex for 5 days could separate a subgroup of relatives of NIDDM patients from subjects with no family history of diabetes. Of the 20 relatives studied, 7 had a higher 2-h post-dex OGTT plasma glucose concentration than the highest noted for the control group. Four of these subjects developed transient diabetes according to the WHO criteria (all subjects returned to normal glucose tolerance when re-examined 1 week after the discontinuation of dexamethasone). These seven relatives with severe glucose intolerance during dex treatment had a lower insulin secretory capacity and glucose assimilation index (Si × é1) than the control subjects and the ªnormo-glycaemicº relatives both before and during dex treatment. Importantly the deterioration of their glucose tolerance with dex treatment occurred despite the persistent raised glucose effectiveness (Sg) both pre-and post-dex.
In the pre-dex situation, oral and intravenous glucose tolerance are comparable in the relatives and control subjects, but the mechanism underpinning the normal glucose tolerance differs between relatives and control subjects. For the former group, glucose mediated glucose disposal is more pronounced, representing about 64 % of overall glucose disposal, whereas insulin mediated glucose disposal is more important in the control subjects representing 58 % of glucose disposal [7] . In response to dexamethasone, glucose effectiveness (glucose mediated glucose disposal) did not change in either of the relative groups, and their raised ªprotectiveº glucose effectiveness remained during dex treatment despite the development of glucose intolerance. It therefore could be speculated that either the increased pre-dex glucose mediated glucose disposal in the relatives is maximally compensating before treatment with dex or that the physiologic mechanism behind the increased glucose mediated glucose disposal cannot adapt during a short period of dex exposure and worsening insulin resistance. Other studies have previously shown in normal healthy subjects that glucose mediated glucose disposal is not influenced by short term glucocorticoids, either when measured by the hyperglycaemic clamp at ªzeroº insulin [33] or more recently when measured by the minimal model analysis of the IVGTT [17, 34] . Following dexamethasone treatment fasting plasma glucose concentration increase a similarly in both groups, which would be consistent with an increased hepatic glucose production during dexamethasone treatment in both groups [11, 35] . With the minimal model frequently sampled intravenous glucose tolerance analysis it is, however, impossible to ascertain whether there was any difference in hepatic glucose production between relatives and control subjects, as the technique does not separate glucose mediated glucose disposal into its two major components [7, 28] ; i. e. the effect of hyperglycaemia itself to enhance peripheral glucose uptake and suppress hepatic glucose production [31, 36] . Nevertheless, regardless of whether dexamethasone induced either hepatic insulin or hepatic glucose resistance, whole body Sg was unchanged in both the relatives and control subjects.
The mechanism of glucocorticoid-induced insulin resistance has been studied extensively [13] . Insulin mediated peripheral glucose disposal is markedly impaired [13] at a post-insulin receptor level. Both oxidative and non-oxidative pathways of glucose disposal are reduced by glucocorticoids [14] , with an accompanying reduction of muscle glycogen synthase activity [15] . Furthermore glucocorticoids also induce hepatic insulin resistance [13] . Thus, the insulin resistance induced by glucocorticoids has some resemblance to that seen in established NIDDM patients [37] . In the current study, in response to dex in both the relative and control groups, the insulin sensitivities were severely reduced but to a similar level even though the Si was significantly higher in the control subjects before treatment. This was reflected by the significant correlation between the fall in Si and the pre-dex Si in all subjects, as noted also by others [33] . Thus, post-dex, the beta cell was ªstressedº by the same degree of insulin resistance, i. e. between 0.2 and 0. 4 10 −4 ⋅ min ±1 per pmol/l (Fig. 4) , in all subjects, and yet glucose tolerance deteriorated more notably in only a subset of seven relatives (Fig. 2) . These seven subjects did not differ from either the ªnormo-glycaemicº relatives or the control subjects with regard to Si before or after dex. Rather, first phase insulin secretion (é1) and acute insulin response to i. v. glucose (AIR glucose ) and oral glucose (DI 30 ) were significantly reduced in absolute terms in these hyperglycaemic relatives compared to the normoglycaemic relatives and the control subjects after exposure to dex. However, even more importantly, their acute phase insulin release was also reduced before treatment with dex. This is well illustrated in Figure 4 where the hyperbolic relationship [27, 32] between Si and insulin secretion is shown. In response to dex the normoglycaemic relatives and the control subjects almost completely compensated for the dex-induced insulin resistance by an appropriate increase of insulin secretion as shown by the open triangle and circles respectively. In contrast, the hyperglycaemic relatives could not increase insulin secretion to a sufficient extent post-dex and are located well away from the normal range insulin secretion/Si curve (open square), which contributes to their decreased oral glucose tolerance during dex. Thus, when the glucose assimilation index is calculated, which is a measure of whole body insulin mediated glucose disposal [27, 32] , the hyperglycaemic relatives were found to have a decreased value, again both before and during dex treatment. However, the decrease in insulin mediated glucose disposal in the hyperglycaemic relatives as reflected by the reduced glucose assimilation index is solely explained by the decreased preand post-dex first phase insulin responsiveness (é1).
Several studies have reported insulin resistance and hyperinsulinaemia in normoglycaemic relatives of NIDDM patients [4, 6, 38, 39] , whereas only a few studies have reported the presence of hypoinsulinaemia [7, 10, 40, 41] , including our recent study of identical twins discordant for NIDDM [9] . However, most studies have not taken into account the prevailing insulin resistance when examining the insulin response [7, 42] . Prospective studies regarding the development of NIDDM in genetically prone individuals are also conflicting [5, 8] . In a longitudinal study by Martin et al. [5] a low initial Si and a low glucose effectiveness were predictors of future NIDDM, whereas hypoinsulinaemia was not, but insulin secretion was not corrected for the insulin resistance of the subjects. More recently, it was demonstrated that a low insulin response, corrected for insulin resistance and obesity, was a separate predictor of future NIDDM in Pima Indians [8] , who are known generally to be hypersecretors of insulin (corrected for their insulin resistance) as a population group [8] . Furthermore, in a study by Haffner et al. [43] a low OGTT DI 30 /G 30 corrected for fasting insulin concentration was found to be a predictor of future impaired glucose treatment. These latter studies therefore support our finding that failure of the beta cell to respond to the dex-induced insulin resistance is a key factor in the development of glucose intolerance and is possibly ªgeneticallyº pre-determined. This conclusion is also supported by our observation that before exposure to dex there was a decreased insulin mediated glucose disposal in the relatives, as defined by Si × é1, which was compensated for by the enhanced glucose mediated glucose disposal [7] . In addition, with the stress of dex-induced severe insulin resistance, absolute first phase insulin secretion was not increased to a sufficient degree in the hyperglycaemic relatives and, because the glucose-mediated glucose disposal (Sg) compensatory mechanism failed to increase further it was unable to overcome the worsening insulin mediated glucose disposal (Si × é1), glucose tolerance decreased in these relatives. However, from the present data it is not possible to conclude whether the inability of the beta cell to respond to dex-induced acute stress is an inherited defect or not. In a recent study of Wajngot et al. [44] dex was shown to be more diabetogenic in low insulin responders, as determined by a fixed glucose infusion, than in high insulin responders [44] . Although these subjects were not characterised with regard to family history for diabetes, the authors concluded that the magnitude of the insulin response during dex treatment might allow a differentiation by low insulin response of those subjects who may have an increased risk of NIDDM [44] . Recently [17] it was shown in normal subjects without any family history of NID-DM that dex treatment at two different doses (6 or 18 mg in total for 3 days) produced nearly equal reductions in Si. At the low dose no significant change occurred in the Kg value whereas at the high dose (which was nearly identical to the total 20-mg dose used in the present study) a significant fall was observed in the Kg value. The latter was solely explained by a reduction in the insulin response to the prevailing insulin resistance, but none of these normal subjects without a family history of NIDDM developed severe glucose intolerance during the high dex dose [17] . In the present study, our hyper-rel subgroup of the relatives had a greater reduction in insulin secretion as compared to the former study [17] and therefore these relatives developed severe glucose intolerance or frank diabetes. Furthermore, in a study by Ekstrand et al. [45] in steroid-treated kidney transplant patients a decreased insulin secretion was noted only in those patients who developed diabetes after the transplantation, and a higher proportion of these ªdiabeticº patients had a positive family history for NIDDM as compared to the transplant patient who did not develop diabetes after transplantation [45] . Nevertheless, from the current cross-sectional study, it is not possible to conclude that our dex-induced hyperglycaemic relatives of NIDDM are at risk of developing future overt NIDDM. Prospective studies of such individuals are required but the earlier studies of Fajan et al. [18] , Conn and Fajans [19] and Rull et al. [20] might support that these hyperglycaemic relatives are at increased risk.
At the clinical level, the relatives who developed severe glucose intolerance during dex treatment were noted to have significantly elevated pre-dex fasting triglyceride concentration and LDL/HDL ratio. Interestingly, when the significant positive correlation between the pre-dex fasting triglyceride level and the post-dex 2-h OGTT plasma glucose concentration in the relatives was combined with the reduced pre-dex AIR glucose and OGTT DI 30 acute phase insulin release in a multiple regression model of independent predictors of dex-induced raised 2-h OGTT glucose levels, a strong relationship was noted in the relatives, with a prediction capability of around 60± 70 %.
In conclusion, glucose tolerance of normoglycaemic relatives of NIDDM patients responds differently to dex treatment, as compared to subjects without any family history of diabetes. On exposure to dex about 35 % of relatives developed transient glucose intolerance which was due primarily to a reduced absolute insulin secretory response to the insulin resistance, despite a similarly reduced Si in relatives and control subjects following exposure to dex. Importantly the reduced insulin secretory capacity was present in susceptible relatives both before and after dex treatment. Although former studies [19] have indicated that a normal insulin response to steroids is associated with a markedly reduced risk of future NIDDM, it remains to be determined whether an acute dex test is able to predict prospectively those relatives of NIDDM patients who are at risk or not of developing future diabetes. It does, however, appear that the beta cell is a key player in the development of future diabetes.
